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Abstract  
Background: e purpose of this study is to present nursing and Biomedical
Laboratory Science (BLMS) students’ perceptions of interprofessional education
and collaborative practice in a simulation laboratory. 
Method: A mixed-method research was employed, and the approach was an
explanatory sequential design. A quantitative study was followed by a qualitative
study. Sixty-nine students participated in the survey, with 16 items representing
diﬀerent aspects of interprofessionalism. 
Findings: e factor “value of IPE” scored the highest mean, followed by the fac-
tor “need for collaborative practice.” Female students were more positive on the
“value of IPE” than male students. e focus-group interviews revealed that the
students considered debrieﬁng afer the simulation to be a useful learning oppor-
tunity. ey commented that it was useful to understand each other’s roles and it
made them respect each other more. BMLS students felt that they were peripheral
to the case, like a visitor in the simulation scenario.
Conclusion: Information for this study was gathered from a large group in a short
amount of time. However, the students gained an insight into the need for an
interprofessional approach to complex challenges in healthcare.
Keywords: Simulation; IPE; Nursing student; Biomedical laboratory science stu-
dent; Mixed-method
Introduction 
Interprofessional education  
A Norwegian White Paper [1] indicates a strong growth in the need for different
health services and collaborative practice. Collaborative practice must be learned,
but interprofessional education (IPE) has not always found a proper place in educa-
tion and placements [1]. Interprofessional education (IPE) describes those occa-
sions when two or more professionals learn with, from, and about each other to
improve collaboration and the quality of care [2].
The importance of interprofessional working in the health education program has
been underlined in several White Papers in recent years [3-5]. The Framework for
Action on Interprofessional Education and Collaborative Practice [6] urged health
education institutions to train students to become comfortable with future interpro-
fessional interactions. The World Health Organization (WHO) [6] also reported that
being interprofessional is a way of thinking and working that practitioners learn and
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reﬁne over time. A study [7] explored reﬂection as a learning tool and referral as a
key aspect of working with other professionals or students. Learning is an active pro-
cess; it happens when we engage with problems, challenges, new ideas, or unfamiliar
practices and acquire new knowledge through this commitment. To acquire interpro-
fessional competence, IPE must be practiced and taught during the study period [8].
In the health domain, IPE is a response to the realities of fragmented healthcare
practices [9]. It is a foundation for collaborative, patient-centred practice systems
[10]. As mentioned in a White Paper [5], IPE should be implemented in all health
and social education. However, there is no indication as to when or how IPE should
be carried out. There are many methods for IPE, including lecture-based, writing-
based, action-based, exchange-based, observation-based, simulation-based, and
practice-based laboratory activities [11]. There are also many barriers to effective
IPE, including logistical problems and overcoming traditional professional bound-
aries [12], and perhaps some gender differences.
Case simulation in the exercise laboratory  
Simulation has been implemented as a pedagogical method in the curriculum for
bachelor’s degrees in several educational institutions. Simulation is especially suit-
able for training communication and interaction in acute situations. To equip nurs-
ing students for practice studies, there has been a tradition of practical training in
procedures at training departments. To improve this, simulation laboratories have
set up one or more simulator machines, such as SimMan and SimPad [13].
Simulation imitates a real situation in which a model of the environment, avail-
able resources, and people are involved. Using a simulator doll can enhance techni-
cal skills and foster more complex interpersonal relationships [14]. Simulations
challenge students’ learning, both cognitively through problem-solving and critical
thinking and psychomotor and technical skills, and affectively in terms of using non-
technical skills such as communication, collaboration, and management [15].
A facilitator leads the planning and implementation of the simulation. This per-
son leads or guides the different parts of the simulation. This may involve deﬁning
learning outcomes, introducing the activity, setting rules for participating, and lead-
ing the debrieﬁng [16].
The purpose of the present study was to examine nursing students’ and biomed-
ical laboratory science (BMLS) students’ experiences of interprofessional working in
the simulation laboratory and their perceptions of interprofessionalism.
Research about simulation-based training and patient safety  
At least 44,000 people, and perhaps as many as 98,000 people, die in hospitals each
year in the United States alone due to medical errors or a failure of collaboration
that could be prevented [17]. A recent report suggests that similar factors under-
mine patient safety in Europe [18]. Collaborative practice is necessary, especially in
emergency care in hospital settings. Ensuring effective working between profession-
als presupposes an understanding of the others’ practical and theoretical starting
points: their vocational understanding [19]. Simulation is an attractive method for
IPE [20]. One of the challenges for interprofessional simulation training is to
demonstrate that the training really beneﬁts patients [21].
Simulation-based training is one of the most important measures to improve
patient safety and reduce the number of adverse events in hospital departments [18,
22]. In a study, students expressed the view that making mistakes was uncomfortable,
despite the fact that this was just a simulation situation [23]. This was especially
related to an occurrence in a scenario in another study where a patient needed a blood
transfusion. Here, the informants reported that during the simulation, several teams
had given the wrong blood because the patient’s identity was not managed properly
[24]. Yet another study [25] found that the use of a virtual patient in IPE activity facil-
itated the achievement of interprofessional learning objectives, including the develop-
ment of greater awareness of other professionals and the ways in which collaborative
patient care can be provided. Research [26] also found that educational activity
involving a virtual patient improved a variety of healthcare students’ interprofessional
competence. In summary, the evidence to date indicates that IPE improves students’
attitudes to teamwork skills and leads to better professional practice and patient care.
Reflection as a pedagogical method in simulation laboratory  
Students construct their own learning within social frameworks. According to David
Kolb’s theory, learning is a process in which knowledge is formed through the trans-
formation of experience in four stages [27]. First, students experience a given situa-
tion. Next, students reﬂect on their experiences and what they mean. Based on
reﬂective observation, students structure and generalize or formalize the learning
outcomes of their experiences. Later this knowledge will be tested in new contexts.
One particular study [28] shows that scenario-based simulation experiences in
themselves are no guarantee of learning; they need to be part of a systematic process
that incorporates reﬂection on the action. Without reﬂection, simulation experi-
ences result in limited learning [29]. The literature connected to IPE also underlines
that reflection is a key ingredient in effective teamwork, pedagogical method, and
practice [30-32]. Several other studies show that debrieﬁng with an emphasis on
reﬂection helps ensure learning in the simulation situation [20,33]. A study [34]
found that simulation is an effective pedagogical method to achieve learning objec-
tives in the curriculum. Another study [23] found that students in such a situation
would reveal their attitudes and their ability to speak out to each other.
In the IPE ﬁeld, collaborative and experiential learning—such as a group of stu-
dents from different backgrounds working together on a clinical case—is the corner-
stone of many methods of learning how to work in a team [33]. In this context,
learning is a process or a cycle, not a product or an outcome. The knowledge and
skills acquired by the participants are the learning itself [11].
In IPE, students must use a methodology that serves all aspects of collaboration
in a patient’s healthcare, involving both clinical care and organizational collabora-
tion [35,36]. Research underlines that there is a growing need for faculty training in
the use of simulation-based IPE tools and techniques [37]. It also indicates that sim-
ulation is better than other educational techniques, leading to its spread [38]. Some
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attractive features of simulation are a close resemblance to actual clinical practice,
more feedback, and the ability to assess psychomotor performance.
The objective of this study was to explore male and female nursing and BMLS
students’ positive and negative experiences of using simulation as a pedagogical
method for IPE.
Method  
Students (both nursing and BMLS) collaborated in a simulation laboratory involving
a “child” who needed a blood transfusion. There were ten students in each simula-
tion team. Two BMLS students and three nursing students acted in each simulation
intervention, and three nursing students and two BMLS students had observer sta-
tus. In total 70 students participated. At the end of each simulation intervention, the
students had a debrieﬁng with a facilitator. In all, the team took one hour to com-
plete this pedagogical intervention. For BMLS students, the learning outcomes were
transfusion medicine, collecting a venous blood sample from a child and the order-
ing of and preparation for blood sampling. For nursing students, this was part of a
week of child nursing that the students have each year. Both professions emphasize
communication with patients and relatives as well as interprofessional collaboration.
In the debrieﬁng situations, the nursing teachers conducted a reﬂective discussion
with the entire group. Debrieﬁng has three stages: 1) the description phase, 2) the
analysis phase, and 3) the application phase [13].
The Norwegian Social Science Data Services (NSD) approved this study. All partic-
ipants were given verbal information about the purpose of the project. The participants
in focus-group interviews were informed that the data would be audio taped, tran-
scribed, and then anonymized. All data were deleted after the study was completed.
Design  
A mixed-method explanatory sequential design was used in this study. Mixed-
method research involves collecting both quantitative and qualitative data [39,40].
Design theory [39] emphasizes that a great deal of published research incorporates
mixed methods in the social and human sciences in diverse ﬁelds, such as interpro-
fessional communication. The time dimension in mixed methods is either sequen-
tial or parallel. The sequential form means that one type of data provides a basis for
the collection of another type of data, while in parallel form data collection is con-
current. This study collected, analyzed, and integrated quantitative data (a survey)
with subsequent qualitative data (focus-group interviews) in a sequential manner. 
Survey  
Participants  
The sample consisted of 70 students (50 nursing students and 20 BMLS students).
All students were in their ﬁnal semester of a three-year degree program. In total 69
students ﬁlled out the questionnaire, representing 99 percent of the total undergrad-
uate healthcare student population.
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Instrument  
For the quantitative data, the students answered a survey after the simulation inter-
vention. One part of the questionnaire included references to biosocial variables such
as professional program, gender, age, and experiences in healthcare. The other part
of the questionnaire concerned perceptions of interprofessionalism and built on ear-
lier research [41]. The questionnaire has been subject to several revisions since it was
ﬁrst developed with 50 items in 1996. For our purposes, 16 items asserting different
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Factors
1 2 3 4
1. Normally it is an advantage that a group consists of members from different
professions for comprehensiveness in teamwork. 0.74 0.08 0.20 0.35
2. When care is given by a group consisting of different health professions, the
quality is better than care from an individual professional. 0.71 0.24 0.04 0.07
3. Groups made up  of different health professions give a better holistic view. 0.69 0.10 0.46 0.30
4. If different professions work in a group, the patient will have more eﬃcient
treatment. 0.66 0.32 0.27 0.11
5. When different professions work in a group, the patient will have more 
information about available health services. 0.63 0.08 0.05 0.13
6. Groups made up of different health professions are more eﬃcient at offering
good treatment. 0.59 0.10 0.27 0.39
7. Interprofessional learning leads to a holistic insight in health service. 0.11 0.80 0.04 0.11
8. Knowledge about other health professions would make me a better health
worker. 0.26 0.67 0.42 0.27
9. I will be better qualiﬁed as a health worker if interprofessional learning is
included in my education. 0.43 0.66 0.01 0.01
10. I ﬁnd it interesting to have insight into other health professions. 0.28 0.60 0.46 0.01
11. I do not see the purpose of doing projects with students from other 
professions. 0.08 0.01 0.79 0.06
12. I do not see the value of teamwork across professional boundaries. 0.36 0.23 0.71 0.23
13. I want to have more information about other health professions. 0.05 0.38 0.47 0.40
14. Interprofessional learning is not necessary for understanding other related
professions. 0.11 0.03 0.12 0.71
15. Interprofessional learning gives better knowledge about other professions. 0.15 0.18 0.00 0.71
16. I feel that I would acquire knowledge about the roles in other professions
through interprofessional learning 0.05 0.52 0.00 0.53
Mean 4.00 4.00 3.33 3.67
Cronbach’s α 0.84 0.79 0.57 0.53
Eigenvalue 6.1 1.5 1.3 1.2
% of variance 37 9 8 7
Table 1. Rotated factor loading for 16 items using 
Principal Component Analysis 
aspects of interprofessional education and collaborative practice were identiﬁed
through statistical procedures (see Table 1). In order to avoid bias resulting from
interprofessionalism often being characterized as having a positive impact, a deﬁni-
tion of the concept was omitted from the instructions given with the questionnaire.
The items were formulated as statements and rated using a 6-point Likert scale, rang-
ing from “strongly disagree” (1) to “strongly agree” (6). The survey was forwarded by
email, without incentives, to the students directly after the simulation intervention. 
Data analysis  
The quantitative data from the students were analyzed using the statistical package
SPSS version 24. To reduce the items, factor analysis was conducted. Data were sub-
jected to principal component factor analysis (PCA) with varimax rotation to
explore underlying factors. To ﬁnd out if the data were suitable for principal com-
ponent factor analysis, Kaiser-Meyer-Olkin (KMO) and Bartlett’s tests of signiﬁ-
cance were performed. Using KMO, values ought to be higher than 0.6 [42]. In this
material, KMO was 0.81. In addition, a Bartlett’s Test was signiﬁcant at the p = 0.000
level. Both criteria showed that the data were suited to a factor analysis design. The
reliability of the factors that emerged was investigated using Cronbach’s alpha. One-
way ANOVA and t-tests were conducted to ﬁnd differences between the profes-
sional groups’ gender and experience in healthcare.
Findings  
Principal component factor analysis (PCA) of the 16 items resulted in ﬁve factors,
each with an Eigen value greater than one. One of the factors contained fewer than
three items. One theorist [43] argues that three or more items should load on each
component to increase Cronbach’s alpha. The number of factors was therefore
reduced to four. As Table 1 shows, Cronbach’s alphas [42] for the four factors were
0.84, 0.79, 0.57, and 0.53. (With short scales, it is common to ﬁnd quite low values
of Cronbach’s alpha [42,43].)
Six items had factor loadings greater than 0.5 on the ﬁrst factor (accounting for
37% of the variance) (see Table 1). Based on the contents of items with high load-
ings, the ﬁrst factor seemed to involve the construct “Need for collaborative prac-
tice.” Items in the ﬁrst factor highlighted that eﬃciency and quality in healthcare is
associated with collaborative practice. The second factor was composed of four
items with factor loading above 0.6 (accounting for 9% of the variance). This factor
seemed to involve a construct of the “Value of IPE.” The scree test was applied to
determine the number of reliable factors.
Based on the plot of the eigenvalues and
the result of Cronbach’s alpha, two fac-
tors seem to be appropriate. According to
Table 2, the factor “Value of IPE” scores
the highest mean, followed by the factor
“Need for CP.” There is no statistically
signiﬁcant difference between the two
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Factor Mean
Standard 
deviation
Number
Value of IPE 5.59 0.49 69
Need for CP  5.42 0.55 69
Table 2. Mean and standard
deviation for the factors
factors and study direction in secondary school, or whether the students had expe-
rience in healthcare. Gender showed a statistically signiﬁcant difference for the fac-
tor “Value of IPE” (p = 0.02). Female students were more positive on the “Value of
IPE” (mean = 5.61), while male students were somewhat less positive (mean = 5.30).
Focus-group interviews  
Participants  
Two focus-group interviews were conducted. Three BMLS students participated in
one interview, and three nursing students participated in the other. All the students
were offered an opportunity to participate in the interviews, but only six students
volunteered. Focus-group interviews are characterized by the interaction between
the interviewees [44]. The interviews were tape recorded (with informants’ permis-
sion) and transcribed verbatim. All data was anonymized. The following interview
guide was used in the focus group interviews:
How did you experience IPE in the simulation laboratory?1.
How did you experience the group size in IPE?2.
How did you experience working in interprofessional groups?3.
How do you think that IPE can effect a patient’s overall care?4.
Tell us about the debrieﬁng after the simulation situation.5.
Data analysis  
The qualitative data were analysed using Giorgi’s recommendation for content anal-
ysis by condensing the statements to meaningful statements and categorizing them.
The texts were analyzed in four steps: 1) to get an overall impression, 2) to identify
meaningful devices, 3) to abstract the content of meaningful devices, such as cate-
gories, and 4) to summarize the meanings for the theme [45].
Findings from the interviews  
The data was analysed in three main categories: 1) IPE in the simulation laboratory,
2) the informants’ advice on how IPE in the simulation laboratory could be
improved, and 3) unfortunate components in the IPE intervention. Each main cate-
gory had three subcategories. Direct quotes from informants are presented in italics.
IPE in the simulation laboratory 
Learning of, with, and about other professions•
Students in BMLS reported that they learned more about how nursing
students in the simulations organized themselves, and vice versa.
Learning outcomes of the simulation•
A BMLS student said that she did not think that nursing students in the
simulation intervention learned much about the BMLS job. On the other
hand, a nursing student reported that he/she thinks it was a useful and
instructive simulation situation. I would love to have more such great sim-
ulations. I had hoped that there was more of it when I started the program.
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Learning about reﬂection and debrieﬁng after the simulation•
One of the nursing students thought it was easier to talk in small
groups than in the lessons where there were huge groups of students
(approximately 130 students). The student thought that debrieﬁng
after the simulation was good for learning: I suppose that when we have
simulated and had debriefing afterwards, we think and reflect on what
we have done, what we actually learned.
The informants’ advice on how IPE in the simulation laboratory 
could be improved  
Timing for IPE •
The students stated that it would be useful to have simulation training
earlier in the bachelor’s degree because they could practice and then
collaborate in their placements and experience each other’s roles in the
health profession.
Knowledge about other professional roles•
One of the students reported that: In order improve collaboration in
patient care, students must also understand other professionals’ work
and roles in the relief work. One of the BMLS students commented: If
we collaborate with each other, then we also respect each other and
understand each other more. 
Other implementation models for IPE in the simulation laboratory?•
Students wanted IPE and simulation earlier in their study. They
wanted fewer students in the simulation group (not 10 students as in
this study), and cases that are more related to BMLS. They want real
technical solutions at the simulation work: Not just simulating a
phone in a phone call.
Unsatisfactory components in the IPE intervention  
Simulating IPE•
A BMLS student was confused by the fact that the work was not carried
out as it might usually be performed in a hospital. The student said: I
do not fully know the purpose of this. It is to learn about a nurse’s job or
treatment of a patient. If it was the latter, it did not meet the purpose.
Disrupted communication in IPE•
One nursing student thought the scenario was quite chaotic with IPC
too many students in the laboratory. This was considered a barrier to
communication between the two groups of students.
Lack of collaborations•
Several of the students experienced some diﬃculty in collaborating. The
BMLS students felt they were treated as guests and they did not feel com-
pletely integrated in the team. The students also reported that they had lit-
tle time to complete the work and they had to hurry during the simulation.
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Discussion  
The purpose of this study was to examine the IPE experience of nursing and BMLS
students in the simulation laboratory and their perceptions of collaborative practice
and interprofessional education. 
Improving the IPE simulation  
Nursing students reported that it was useful for them to use the simulator as a tool
for training, to collaborate with each other and other student professionals, and to
take care of the patient. They indicated that they would like to have more simula-
tion-based learning. Some of the BMLS students expressed that they were not
included in the whole simulation intervention, and this intervention was not, there-
fore, successful for them. This resulted from the organization and preparation of the
sessions, different experiences of simulation, time use, and intervention. Simulation
is considered one of the most practice-oriented methods to learn interprofessional
competencies and these ﬁndings correspond with other research in the ﬁeld
[18,22,34,37,38] that underlines simulation-based training as one of the most impor-
tant measures to improve patient safety [23,25,26].
When students from several different professions understand and respect each
other and their different kinds of work, they also gain the opportunity to improve
patient safety [23]. Failures in communication within interprofessional healthcare
teams are established causes of medical error and negative health outcomes [46].
This study shows that it is important to improve communication, and it is helpful
for both the nursing and the BMLS students to collaborate more to achieve the best
care for the patient.
Challenges with interaction in the simulation laboratory  
Some of the students experienced little collaboration between the professions in the
simulation intervention. The students assumed that they had to hurry through the
scenario, and the nursing students found the scenario quite chaotic with too many
students involved. While the nurses tried to focus on the patient’s health and suffer-
ing, they forgot to collaborate with BMLS students. The lack of collaboration and
unfortunate lack of communication between students can often lead to uncertainty
in vulnerable patient groups [47], such as children.
The BMLS students used different terms to convey information or express dif-
ferences in the patient’s diagnosis [45]. This may signal that nursing and BMLS
students should simulate more together so that they learn and respect each
other’s contributions. This was also mentioned in one of the focus-group inter-
views. The third and last year of the bachelor’s degree may be too late to start
with simulation training and IPE. Participating in simulation as a pedagogical
tool was a new experience for BMLS students, and some of them were a bit con-
fused. The nursing students had used the simulation laboratory from the first
year in their study, but mostly in clinical procedures and with other students in
their own profession.
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Reflecting and learning from the debriefing situation  
The students indicated that it was generally easier for them to discuss and reﬂect on
the situation when they worked in small groups. During the debrieﬁng, the students
reﬂected on the simulated activity and what the collaborative practice meant for
patient care [27]. This applies both in the simulation situation and in the debrieﬁng
afterward. This can thus lead to useful learning. Several research studies underlined
the advantage of this reﬂection process [28-32]. Some research [20,33] attaches par-
ticular importance to debrieﬁng after a simulation session. Reﬂection after a simula-
tion session is one of the most important activities in the simulation work. A
facilitator should encourage reﬂection and not be negative about an unsatisfactory
performance during the simulation. The group members should go from the simu-
lation laboratory with a feeling of a job well done and not a feeling of failure [16].
Perceptions of interprofessionalism  
In general, all the students in this study seemed to see the need for interprofessional
education and collaboration. Research emphasizes that health services place little
emphasis on collaborative practice, which has led to IPE being more important in
basic education [11]. Unsatisfactory communication between different profession-
als has led to the unnecessary suffering of patients [48]. The students in this study,
however, were somewhat negative about IPE at the time of the simulation. This was
mainly because it was at the expense of other professional learning in the last
semester. Students were rather negative about having IPE in the third year of study.
Male and female students’ satisfaction with 
the simulation and IPE  
The quantitative data show that there may be some gender differences in the value
of IPE. Female students were more positive toward IPE than male students. It is not
clear why there were gender differences, but there are more female students in nurs-
ing education. In BMLS education, there were roughly equal numbers of males and
females. The BMLS students were the ones who were the most confused in this sim-
ulation session. There may be a connection between this frustration and gender dif-
ferences. Other research [49] reported similar ﬁndings in their survey study. Female
students were found to have a more positive attitude toward interprofessionalism
than male students. The small sample in the focus group places limitations on con-
clusions that can be drawn from the qualitative strand of the study.
Conclusion  
The informants who participated in this simulator-based interprofessional learning
reported that they gained some knowledge of each other’s responsibilities and that
this was part of their interprofessional collaborative skills. The organization of the
project was somewhat unfortunate, with large groups and little time. The next run
of the simulation-based IPE may be better organized, and lead to better IPE. The
respondents emphasized that they had gained an insight into the need for an inter-
professional approach to complex challenges, such as blood transfusions in a chil-
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dren’s ward, but the main challenge in the project was to organize the simulations
for all students. The students also found that they did not have many concurrent
tasks in the hospital setting. Female students were more positive to IPE than male
students. Further research is needed on this gender difference.
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